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Exec_utive S-ummary _

Germanium is an ultratrace element found n many orcimary 100db OLgamc complexes of
germanium have been proposed for use as dietary supplements and chemotherapeutic
agents and have been well tested in laboratory animals. - The resulis of repeat dose studies

. of these compounds show little or no toxicity, even at relatwely high dose levels. This is

1n-contrast to inorganic: germaniiim compounds such as germanium dioxide, ‘which cause
significant and irreversible renal toxicity at low dose levels in'studies in laboratory
animals and which has been associated w1th renal toxmlty in humans “The few reports of

toxicity in humans after the intake of dietary supplements contammg orgzmogermamum

compounds have been subsequently attributed to the presence of germanium dioxide in
the supplements. Unlike i inorganic germanium; organogermanium compounds appear to
have lower bioavailability and little potential to accumulate in renal tissue: A clear
difference in toxicity between inorganic germanium and. org,anogermamum compounds is
apparent based upon this rewew of the available mformatmn in the scientific literature.

Introductmn‘
Germanium makes up approxxmdteiy 0. 000’7 o of the earth’s crust and many commonly

consumed foods contain si gmﬁcant quantitics of germanium with coneentrations ranging
from 5.76 ppm in canned tomato juice'to 1.51 ppm in homogenized milk (Fisher and

‘Goering, 1991). Inorganic germanium compounds have been found to induce anemia,

muscle weakness and renal failure in humans and various forms: of toxmw in laboratory
animals (for a comprehensive review of the toxwity of inorganic g oermamum see Tao and:
Bolger (1 997)). The renal toxicity of inorganic germanium has been partlculariy well-
studied and is known to be similar to that observed with other trace elements (Vanholder
et al., 2002). Low levels of trace elements such as germanium are ehmmated from the
body without the induction of any toxicity. Higher dose levéls result in declmmg kidney
function which, in turn, leads to the accumulation of nephrotoxm levels of the trace
element, causing further deterioration of renal functlon (Vanholder ez al.;1996). The
Lowest Observed Adverse Effect Levels (LOAELs) in humans for i inerganic germanium
toxicity have been reported to range from 0.7 to 23 mg/kg bwfday (Tao and Bolger,
1997) s : :

The followmg summary of toxmty and chmcai mformatlon w1th paﬁlcular attentlon
placed upon renal toxicity, was prepared to contrast the toxmny of or ganogermamum dnd o
1norgamc germanium compounds - , -

“Review of Available Toxnuty Informatmn for Orgauogermanmm Lompounds

1 oxlczty Studies-in Rai‘s

Anger ef al.,(1992) found that dosmg of 15 male and 15 femaie W:,sta: Tats at a smgle
dose of 1 g/kg bw/day of carboxyethylgennamum Sﬁsqudeﬁ‘ in the diet for six months
resulted in no clinical s1gn<; of tomcxty and no treatment-mlated mortahty The hxgheqt

! Also known as Ge-1 32, p'mpagerman:xum a_ndSKﬁiiS. '
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level of germanium was detected in the kidney w1th a cementratmn af L. 86 ppm being
found at the end of six months. Aithough the limit of detection: was not reported, levels
as low as 0.08 ppm were reported in other tissues. No: detecmbie gemumlum was found
in control animals. Kidney lesions were noted “ipon microscopic examination and

- consisted of “widening of the ¢ylinders and some flocculus deposits”, These lesions were

observed in about 60% of treated males, but noi in females. Evidence of renal-
dysfunction in males, in the form of a shght increase’in serum ¢reatinine and a decrease

in serum proteins, was also noted. The authors concluded that the: btudy confirmed the

low toxicity-of organic germanium in comparison with i morgamc germanium. They also
cited data showing poor oral bwavaﬁabihty (2 6%) of the orgamc germanium compared
with 10% oral bloavallablhty for the i me)rganm iorm

“In a related report, Anger erul., (1991) summarlzed the results of the study d1scussed

above and included findings: fmm a 28-day study in thar rats that was conducted in
conjunction with the 31x—month study No macroscopic or hlsm}ogwdl changes werc
seen after 28 days of administration of one g/kg bw/day to 15 male and 1’5 female Wistar .
rats. The authors reported a slight decrease of erythropoebls and a stimulatmn of general
metabolism in treated animals. : - -

Asano et al., (1994) compared the renal tox101ty of pmpagermamum and- germamum
dioxide administered in drmkmg water for. exght weeks to male Wistar rats .
Propagermamum was administered at mncentratmns of 480 or 2,400 ppm (equivalent to
approximately 192 mg/kg bw/day) and germanium dioxide was administered at
concentrations of 300 or 1,500 ppm (equivalent to- appmmmdtely 120 mg/kg bw/day).
Treated groups consisted of 13 rats and the control groups contained 9 rats with three
animals per group sacrificed after 3 weeks Rats were mtravenously administered 3
mg/kg adriamycin to induce kiduey injury. Alterations in the form of vacuolization and
deposits were observed in the distal tubule in germanium: dxoxrde—treated rats but not in -
propagermanium-treated rats:. The authors concluded that propagermanium, at the dose
levels administered, does not m&uce renal toxthy or exacerbate renal mxthy thdt is’
already preseni - :

The toxicities of propagermamum and germa,mum dmxzde: aﬂer repeat dasmg were also -
investigated by Sanai er al., (1991). Female Wistar rats were divided into three groups of
16 to 20 rats and these groups received diet containing either 75 mg/ke bw/day of
germanium dioxide, 120 mg/kg bw/day of Ge-132 or control diet for 24 weeks. The dose
levels were selected to pm\qde L(iLkll dose levels of germanium. Appmxunately one-

third of the animals in each group were sacrificed after 24 weeks of dosing or after an-

additional 2 or 14 week withdrawal permd No indications of toxicity were found in any
of the animals receiving Ge-132. In contrast, anemia; body Welgh’r loss, and various '
serum, urmalysm and h1sto] oglcal indications of renal toxicity were seen in the animals
receiving germanium dioxide. The hmtologmal Iesmns i this group were characterized
as vacuolar degeneration and granular depositions in the: dlstai tubules of the kidney.
Renal toxicity induced by germanium dmxxde persmted untli the 40 week sacrifice.

Lower renal concentrations of germanium were found in Ge-132-treated rats than in those
rats recewmg germanium d10x1de The mves’tkgators ccnciuded that *Our pre%em study
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demonstrated that Ge-1 37 had extremeiy Tow tox1c1ty " A prevxom review ofa large
body of toxicological and. pharmacologzcal hterature ccncernmg Ge-132 concluded that
“Ge-132 appeared to be almost non-toxic in ali of the dmmai studles performed”
(Brutkiewi¢z and Suzukl 1987). : -

Kandra er al., (1990), summarlzed in Tao and Boiger (199?) neted a chety of forms of
toxicity in rats after the admmsiratmn 01 1600 mg/kg bw/day and greater of the.
organogermanium compound, SK-818. Dilated and’ “rarefied wall” cecum were reported
at 640 mg/kg bw/day. Nakagawa eral., (1990) also summarized in Tao and Bolger
(1997), found no renal toxmxty of SK—S 18 d‘t adose ]evei of 750 mg/kg bw/day inrats
after dosing for one year.

A study of ¢ organogermanium toxn:lty in rats was reported by Ahn et ai (7001) Ten
Sprague-Dawley rats per sex were fed diets contammg Dry Yeast G.(C. 3% germanium),
at concentrations resulting in ejther 50, 500 or 5,000 mg/kg bwiday, equ;valent to 0.15,
1.5, or 15 mg/kg bw/day of germanium; for 10 months: Urinalysis, “hematology, clinical
chemistry, clinical observations and hxstoioglcal examinations of a Vdrze,ty of organs,
including ‘the kidney, were conducted. There were no changm in any parameter and the -
NOAEL was therefore 15 mg/kg bw/day for rhe organm form'of garmamum that was -
admmlstered in the dietin thxs study : :

In contrast to the previous studxes of org,:mo germamum compeunds, zwlor el al (1991)
reported in abstract that germanium dioxide, germanium. sesqumxxde and peptide-bound )
germanium were all similarly toxic when administeted to Wistar albino rats for up to six
weeks. All animals (number per group not spemﬁed) received 50 micrograms of
germanium per gram of food (equwalem to 5 mg/kg bw/day). Although germanium was
reportedly found in all tissues that were examined, the concentratmn inthe kidneys (the
tissue with the hlghest comentratmn) of rats treated with germanium dioxide and - '
germanium sesquioxide were similar 0 ihe control animals (0067, 0.036 and G.050 ug/g
for the germanium dioxide, germanium sesqummde and peptldewbaund germanium’
groups, respectwely) Unnary excretion of g germanium was 4.3, 50.0 and 23. 8
micrograms per day for the same three groups, suggesting impaired excretmn of the -
germanium in the animals administered germanium dioxide but no effect on excretion in
animals administered germamum sesqwomde The reduced excretion in the animals
receiving peptlde-bound germanium is most likely dug to reduged bloamz]abxhty The .
histological changes reported consisted of enlarged niclei witli homogenous internal
structure, swollen mitochondria and budding of the cytoplasm. into the tubular lumenin -

~ distal tubular cells. Surprisingly, no changes were reported in serum creatinine or urea,

or protein in the urine. Although the hlSt()lOglCdl changec; were conswtem” in-all three
groups it is not clear why functional changes were not observed Tt appears that only one
animal was examined htstologmaily inreach treated group-and it IS uncledr why tunctlonal
changes did not correlate with the hlqtoioglcal ()bservmons :

Toxicity Stua’zes‘ in Dogs
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Beagle dogs were admlmstered bxogermdmum yeast dzssolved in water (Ahn et al., 20()1)

~ forten months. Dose levels were 1.5, 15 and 150 mg/kg bw/day of Dty Yeast G (0 3%

germamum) eqmvalent to 0.0045, 0.045 and 0.45 mg/kg bwiday of germanium, were
given to five animals at each dose level Urinalysis, hematology, {:hm.,dl chemistry,
clinical observations and hlstologuai examinations of a variety of organs, including the
kidney, were conducted. There were no changes in any parameter and the NOAEL in
beagle dogs was therefere 0. 45 mgf'kg bw/day for this ork,amc form of g g,ermamum

In vitro Studles

Spirogermanium inhibits DNA RNA and prc:tem syntheqx.s invitro (Yang and Raflah, -
1983). Cytolysis is observed at high concentrations. - Both mutagemc and antimutagenic
properties of organogermamum ‘compounds have been repcrteé in the open hterature {see
Gerber and Leonard, 1997). : , :

Carcinogenicizy ahd Genotoxicity Studies

The same. authors (Gerber and Lconard 1997) also report that ammeoplasuc effects have '
been associated with the administration’ of nrganogermamum compounds in rodents. The
organogermanium compound Ge-132 was found to ‘inicrease interferon activity and NK
cell activity in mice followmg oral admmistratwn of 300 mg/kg bw/d&y (Asao-er al.,

1985). : _

Clinical Stua’ies and Case Rej)'()rrs"m 'Hﬂmans

Vartous organogermamum compounds have been mvestlgdteé as chemotherapeunc
agents in humians, and there are case reports of toxicityin humans after high intakes of
organogermanium dletary supp[ementg Howevet, these reports are of hmlted value due
to the high dose levels and uncertain purities of the administered substances. Many of the
clinical studies used the intravenous route of admmxstratmn and the few foreign reports’
of toxicity following: the intake of dletary supplements dld noi provuk: -adequate '
characterization of the supplements. The four reported ¢ases of renal tomcxty after the
intake of the organogermanium compotnd germamum-iaatdte—citmte were later found to
be due to the intake of i 1norganu, germa.mum (see Tao ami Boiger 1997 )
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Conclusions

The toxicity of organogermamum compounds has been evaluated n sevcml studws in
laboratory animals. Rats show no indications of renal or other toxicity at dietary dose

“levels of up to 192 mg/kg /day. Dose fevels of organogermanium compounds associated

with renal or other forms of toxicity range from 640 mg/kg /day 101,000 mg/kg /day. A .
single report, in the form of an abstract, of h1=;tologlcal evidenice of organooermamum
renal toxicity in rats at a dose level as low as S mg/kg /day is not consistent with the
evidence available from other studles and lacks sufficient detaﬁ to aIEew critical
evaluation. = : -

The hlgh dose levels of organcwermamum nece::sary to mduw t0x101t§r are in contrast to
inorganic germanium, which has shown to induce renal toxmty at dose levels of 75 ‘
mg/kg /day in rodents and 0.7 to 23 mg/kg {day in case reports of human toxicity with no
indication of a clear No Observed Adverse Effect Level (NOAEL) being apparent in
humans or laboratory animals. The relative lack of toxicity of organogermanium
compounds appear to be due to a lower: bmavmlablhty and a reduced potential for

'accumulatxon in the kldney compared thh 1he more toxxc morgamc germamum

Although toxicity from the intake of organogennamum comp@undq by humans has been
reported in the scientific literature; subsequent investigations have found the toxicity fo -
be due to the intake of i morgamc germamum Orgamgermamum cempounds appear to
be of little toxmological concern L :



Table: Summary of Organogermamum

Toxmty Studls;s mn Labemmry Ammals

PN

Test Materlal S pecmbfstram Duratmn ' NOABL Results | Reference
(sex) or Max. S '
5 Dose
. ; - _ Level
Carboxylethyl Wistar rats . | Six 1One. | 'Moderate | Anger -
germanium (male and i 'months ‘;5grdm/kg lremal o letal,
| sesquioxide female) 4o Ibwiday | toxicity | 1992
' ' T in males
b e enly 4
Carboxylethyl Wistarrats 1 28days | One = . | Clinical | Anger
germanium | (male and o gram/kg - | chemistry | eral.,
sesquioxide | female) . 2 ‘bwiday .| alterations | 1991
Carboxylethyl Wistarrats [ Eight ~ 1192 = [No | Asanoer
germanium - {(male) weeks - | mg/kg/day . | toxicity | al., 1994
sesquioxide o NN T :
| Carboxylethyl Wistarrats |24 weeks | 120 . | No Sanai er
germanium (females) ‘mg/kg/day | toxicity ~ | al., 1991
sesquioxide’ ‘ ' : N R :E
Carboxylethyl Rats, yThree .. |'640 © I'Dilated | Kandra er
germanium unknown - lmonths | mg/kg/day | cecum al:, 1990
sesquioxide strainandsex | | (lowest ~ |and '
‘ | | L dose | “rarefied
il P : tested) | wall” :
Carboxylethyl | Rat, unknewn' | One vear | 750 { Norenal | Nakagawa
germanium | strain and sex - - ,.mgﬂ(g/day | toxieity  fetal,
sesquioxide | Lo | S 11990 -
Biogermanium Sprague- dTen - 15000 | No Ahnetal.,
' | Dawley rats, . | months | mg/kg/day. | toxicity . | 2001
‘|malesand ¢ . lequivalent | -
females ltol5
e _mg&g/day o
, L 1 germanium | -
Germanium “Wistar rats, . | Six weeks | Equivalent | Renal  Taylor e
sesquioxide and unknown sex - |: |5 | toxicity - [al, 1991
peptide-bound e i mg/kgcidy : 2 - '
| germanium o 1 - :
Biogermanium | Beagle dogs, | Ten . =~ 15{) ©INo ' |Ahnetal,
- - | males and | months mg,/kg/day, | toxicity 2001
| females o lequivalent | L
f {t0045mg |
‘germanium |
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